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ABSTRACT
This investigative research was carried out with the purpose of determining the source of
contaminants present in the surface waters flowing through the Wright State University woods.
Five sample sites going from upstream to downstream namely; Inflow to Nutter Center Pond
(INNCP), Nutter Center Pond (NCP), Outfall 21 (OTF 21), Burley, and Outfall 15 (OTF 15),
were sampled over a time period spanning from June 2020 to January 2021. Samples collected
were analyzed for Escherichia coli (E. coli) using 3M™ Petrifilm™ E. coli/Coliform Count (EC) plates,
select anions (Phosphate PO43-, Nitrate NO3-, Sulfate SO42-, Fluoride F- and Chloride Cl-) using a
Dionex ICS-1600 Ion Chromatograph (IC) system. General water quality parameters were
measured using a YSI Professional Plus Electrochemical Water Quality Probe. All selected anions
except nitrate and phosphate were found at all sample sites along with E. coli in varying
concentrations. The data indicates that the INNCP is the source of contamination to the NCP
and that there are other sources of contamination to the sites downstream from the NCP from
within the woods.
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I. INTRODUCTION
An overview of the Wright State University Woods
The Wright State University woods is a 225-acre forest that serves as home to 110 species of birds
as well as foxes, deer, salamanders, coyotes and even the rare Indiana bat.1 The woods is the
second largest patch of forest in Greene County. Part of it is old-growth forest, meaning it is more
than 100 years old. Some trees are more than 300 years old. The woods is populated with sugar
maple trees as well as great oak, buckeye and other hardwoods. Many trees have fallen, providing
a habitat for salamanders, beetles and other creatures.1 It is a range of a mixture of old and young
trees and shrubs encompassing the Wright State campus. It has a healthy variety of plants and
wildlife which forms a nice little biodiverse ecosystem and has been subject of numerous research
efforts by students and faculty members and by researchers outside the university over the years.
It also has streams and creeks running within it, which receive runoff from across the campus via
the numerous outfalls. These runoffs can adversely affect the water quality of the streams and
creeks which would in turn negatively affect the plant and animal life in the woods.
The land in the Wright State woods has been in use for more than 9000 years according to
archeological research.2 It has a lot of important landmarks and sites (including burial sites of early
settlers). The woods is a valuable resource to the university as it serves many purposes, which is
why it and everything within it including the trees, water and animals needs to be protected and
preserved.
An almost 200-year-old bur oak tree, affectionately nicknamed ‘Burley’ could be made a reference
point for the need of preservation and protection of the woods. It is the largest tree in the campus
woods with a diameter of five feet at its widest and a trunk that rises about 10 feet before dividing
into two main trunks.3 It has seen a lot of changes throughout its lifespan. Its location close to the
campus prairie and a small access road makes it potentially vulnerable to surface runoffs and
pollutants/contaminants getting into the woods.

1

Fig. 1 - A picture of Burley taken during one of the sampling trips in winter
The Wright State University main campus is drained of water runoff by twenty-nine (29) storm
water outfalls which flow directly or indirectly into the creek and its tributaries which then flow
through the woods. Seven of the larger outfalls 1, 10, 14, 15, 21, 22 and 23 flow directly into the
main creek while, outfalls 22 through to 29 drain into smaller tributaries of the creeks. Outfalls 15
and 21 to 29, in addition to a sample site that would be called the inflow to the Nutter Center
pond (INNCP) which drains from beyond the campus under the 844 highway and could be
carrying contaminants from the Bath Township septic systems, are important sampling sites for
this investigative research. These sites drain the parking lots surrounding the Nutter Center which
is a potential source of contaminations. A map of the campus showing the outfalls is shown in
Appendix C.
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History of pollution and research prompt
This investigative study was prompted mainly by foul-smelling samples gotten from select sample
sites by students of an environmental chemistry class over the course of two (2) years which when
analyzed showed relatively high numbers for E.coli. This foul smell could be a result of a sewage
leak or a high influx of ammonia somewhere along the drainage route of an outfall. In addition,
the study aims to ascertain the level of select anions in these sample sites because unreasonable
amounts are detrimental to plant, soil and aquatic life that thrive in the campus woods.

Surface and Groundwater pollution
According to Harter4, groundwater contamination is an undesirable change in groundwater quality
resulting from human activities.4 Groundwater pollution occurs when pollutants are released to
the ground and make their way down into groundwater. It can also occur naturally due to the
presence of a minor and unwanted constituent, contaminant, or impurity in the groundwater, in
which case it is more likely referred to as contamination rather than pollution. Surface water
pollution is the contamination of water flowing above the ground, and it occurs a lot easier than
groundwater pollution being surface waters are much more open and exposed to direct
contamination from anthropological and atmospheric routes and from point and non-point
pollutant sources. It is imperative to point out that most of the literature in this paper talks about
groundwater but can also apply to surface waters as the quality of the former is directly related to
the latter and both usually have similar sources/routes of pollution.
Pollution in the study area (Wright State University woods) occurs from road salts, effluent from
leaking sewers, polycylic aromatic hydrocarbons (PAHs), dirt, antifreeze, grease, oil and heavy
metals from automobiles, and sediments all runoff from the various parking lots. Different
mechanisms have influence on the transport of pollutants such as diffusion, adsorption,
precipitation, and decay in the groundwater.
It must be noted that the sampling points for this research does not encompass the full woods
area but only a section of the woods. There are other streams/creeks flowing through the woods,
most notably the creek that begins at Colonel Glenn highway and ends at outfall 15 (OTF 15).
Thus, any conclusions drawn from the results of this research might not be a whole representation
of the entire Wright State University woods.
Indicators of Chemical Pollution from Septic Systems
As markers of pollution, pharmaceuticals and other emerging contaminants are more effective
than microbiological markers of contamination as the chemical analyses are time consuming and
do not discriminate between human and animal sources of contamination. An ideal marker should
promote the identification of the kind of contamination source and the degree of pollution.5
I. De-icing Salts and Chloride
About 35 million metric tons of salt are applied annually for road maintenance around the world,
with about 8 to 12 million metric tons being used in the USA alone. This rate continues to rise
owing to the expansion of impervious surface areas from urbanization, higher public demand for
3

safer driving conditions, and increased precipitation in cold regions due to climate change.6,7
Although the winter chemical maintenance of roads and pathways has great advantages, the
dissolved salt forms runoff and infiltrates the soil and would eventually be found in surface and/or
groundwater, leading to their salification, which is an emergent environmental and ecological issue
worldwide.8,9,10,11 The foregoing is important to this research because a lot of salt is used in and
around the university campus during the winter months for de-icing purposes on the roads and
sidewalks which are inevitably washed away in surface runoffs that gets into the woods where they
may have an adverse effect on plant/tree, soil and aquatic life.
It can be easy to attribute all the chloride that was sure to be found in samples collected during
research solely on the use of de-icing salts, hence it is important that it is established that chloride
is a naturally occurring constituent of surface and groundwater. It is also found in wastewater in
elevated concentrations as a result of human dietary and culinary sources and thus concentrations
of chloride in septic tank effluents vary depending on the natural quality of water supply and
nature of the human diet.12 Septic systems do not effectively remove chloride and due to its anionic
form and mobility with water, it is a useful indicator of water pollution from septic systems and
can be used as a reference to check if other parameters can be used to indicate pollution.12
II. Nitrogenous [N] compounds loading (Nitrates)
A primary concern is groundwater contamination caused by Nitrogen loading from septic systems
and leachates from such systems into ground and surface waters. Septic tanks are used in
subsurface septic systems to treat wastewater by separating liquid and solid components before
discharging effluents into surrounding absorption systems or drainfields containing distribution
pipes.13,14 As effluent percolates through the soil beneath the drainfield, ammonium, NH4-N and
organic-N are oxidized in the unsaturated zone to nitrate, NO3-N as shown in equation (1a) and
(1b) below. The N removal efficiency of septic systems determines the potential for NO3-N
loading to groundwater.
NH4+ + 1.5 O2 à NO2- + 2H+ + H2O

(1a)

NO2- + 0.5 O2 à NO3-

(1b)

Conventional systems remove 10 - 44% of total nitrogen (TN) from wastewater, but alternative
systems with anaerobic up-flow filters (40 - 75%) and recirculating sand filters (60 - 85%) remove
more TN by enhancing nitrification-denitrification processes.15,16
Pollutants from septic systems enter receiving waters as a result of hydraulic failures that cause
effluent to emerge onto the surface of drain fields or through subsurface transport to
groundwater.17
III. Specific Conductance (Electrical Conductivity)
Specific conductance of ground and surface water is closely related to the concentration of the
ionized constituents of water and wastewater and total dissolved solids.18,19 Hence, it can be used
as a general indicator of chemical pollution. The electrical conductivity measurement by itself is
useful in providing a screening of the pollution level but, when in association with emerging
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contaminant concentrations, can provide unambiguous information about anthropogenic sources
of contaminant discharges.5
IV. Pharmaceuticals and Personal Care Products (PPCPs)
Pharmaceuticals and personal care products (PPCPs) are a diverse group of chemicals that include
human and veterinary drugs, food supplements and, other chemicals used in cosmetics, fragrances,
and sunscreen agents.20 The main route of entry of PPCPs into the aquatic environment is through
the effluents of wastewater treatment plants (WWTPs).21
Although pharmaceuticals have been extensively studied in the last few years due to their large
consumption and environmental implications, the presence of personal care products (PCPs) in
environmental waters on the other hand have not been paid much interest until recently.21 PCPs
include UV-filters, preservatives, antimicrobials, musk fragrances, insect repellents and, in general,
ingredients or excipients used in cosmetics, food supplements, shampoos, toothpastes, sunscreens
agents, antiseptics and personal care products formulations and manufacture.20,22 These
compounds enter the aquatic environment either directly via wash-off from skin and cloth during
recreational activities, or indirectly via wastewater or swimming pool waters.23
V. Artificial Sweeteners
Low-calorie artificial sweeteners are consumed in significant quantities alongside food and
beverages. Some of these sweeteners pass through the human metabolism mostly unaffected and
are quantitatively excreted via urine and feces and thus they reach the environment associated with
domestic wastewater.24 Hence, the presence of these sweeteners in surface and groundwater is a
very clear indication of septic contamination as they are not found in nature and can only be gotten
from anthropogenic sources.

Bath Township and its septic system
Bath township is one of the twelve townships of Greene county, Ohio, United States.25 The
township could play an important role in this research as a result of a small section of the township
(map of township is shown in Appendix C) not being connected to the main sewer systems but
rather, each house has its separate septic system. This is important because there could be a
possibility that leachates from this septic system could be the source of E.coli and other possible
contaminants getting into the sample sites being tested and this possible threat is further buttressed
by the following paragraph.

Sewage/septic tank leachates and discharges
In the US, about one in four households operates a septic system (which are nonpoint sources of
pollution) and almost one third of new homes are constructed with an onsite wastewater treatment
systems (OWTS) as their wastewater disposal system.26 Septic systems traditionally include a septic
tank linked to a drain field, through which minimally treated wastewater is leached into
groundwater.27,28 Surveys indicate that at least 20% of these systems are malfunctioning; over half
5

of all US septic systems are over 30-yr old.29 Old and improperly maintained systems are prone to
failure and provide inadequate conditions for the effluent treatment processes including physical
filtration, surface adsorption, sedimentation, and inactivation of the contaminants in the soil.30,31
Leachate from septic systems has been identified as a major potential source of groundwater
contamination with nitrate, pharmaceutically active compounds (PhACs), endocrine active
substances (EAS), other household chemicals, as well as pathogens such as bacteria, viruses,
helminths, and protozoa.32,33,34,35,36,37
Naturally present pollutants in septic tank effluents (STE) such as total coliforms, fecal coliforms,
and Escherichia coli (E. coli) are often used as microbial tracers for groundwater contamination.36
However, fecal concentrations alone are not considered a powerful tracer for effluent
contamination as it is difficult to differentiate between humans and alternate sources from a variety
of farm/domestic animals or migratory birds.38

E. coli and its importance
Escherichia coli bacteria are normal inhabitants of the human and animal large intestine. Most strains
are harmless, but some strains acquire bacteriophage or plasmid DNA-encoding enterotoxins or
invasion factors and become pathogenic. These virulent strains are responsible for diarrheal
infections worldwide, as well as neonatal meningitis, septicemia, and urinary tract infections
(UTIs).39
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Fig. 2 - E. coli - Gram-negative, facultatively anaerobic, rod prokaryote; with multiple flagella and
fimbriae. E. coli can cause urinary tract infections, traveler’s diarrhea and nosocomial infections.
(Dennis Kunkel Microscopy, Inc./Visuals Unlimited, Inc.)
Diarrheogenic E. coli strains are worldwide in distribution. The route of infection is fecal-oral,
predominantly via contaminated water and food. Shiga toxin-producing Escherichia coli (STEC),
especially E coli O157:H7, is shed in feces of cattle, sheep, deer, and other ruminants. Human
infection is acquired via contaminated food or water or via direct contact with an infected person.
Outbreaks have been linked to ground beef, exposure to animals in public settlings (petting zoos),
contaminated apple cider, and contamination of water in recreational areas. The incubation period
for most E.coli strains is 10 hours to 6 days. For E coli O157:H7, the incubation period is usually
3 to 4 days.39
The presence of E. coli in water is a strong indication of recent sewage or animal waste
contamination. It is important to note that E. coli and waste can get into water in many ways. For
example, during rainfall and snow melt (both forms of precipitation), E. coli may be washed into
creeks, rivers, streams, lakes, or groundwater from the land surface.41,42 Other ways consist of
natural wildlife (which is relatively abundant in and around the study area), failing septic systems,
recreational activities, and local land use practices (for example, manure used as fertilizers,
livestock, concentrated feeding operations).40 Fecal pollution from human and animal sources
represent a serious health risk because of the high likelihood of the existence of pathogens also in
the fecal waste.40
For this investigative study, E. coli testing is important because there are a wide range of animal
life which in turn means a large number of animal droppings which are an E. coli source. This
could lead to ambiguity on the source of contamination. Therefore, chemical analysis in
conjunction with E. coli testing is likely the best way of tracking the source of the contamination,
In addition, there are concerns that surrounding houses that are not on the city sewer system but
are on private septic tanks could be a potential source of surface and groundwater contaminations
of E-coli hence the need for regular sampling and testing.

II. EXPERIMENTAL METHODS
Data evaluated
There are some assumptions that were made in the sampling methods. An example is the
assumption that for a given sample volume at a sample site, the concentration of the analyte of
interest will be constant from the point of sample collection to sample storage and then sample
analysis. It was also assumed that for samples to be collected for E.coli analysis, that there was no
denaturing of any of the E.coli colonies from sample collection to sample analysis.
Two different sets of samples were collected at each sample point for analysis. The first set were
unfiltered water samples taken directly from the sampling locations in syringes and put into 15mL plastic test tubes to be used for E.coli analysis. The second set of samples which were to be
used for anion analysis were also taken by syringe but were passed through a 0.2-µm Nylon
microfilter as they were injected into the plastic test tubes and were immediately stored in a cooler
7

at 4° C before being transported to the lab where they were stored in a refrigerator at -20° C for
a period of a month to 6 months (depending on date of sample collection) before sample analysis
using EPA method 300.1.
Ion Chromatography for determination of Fluoride (F-), Nitrate (NO3-), Sulfate (SO42-), Chloride (Cl-) and
Phosphate (PO43-)
The samples collected for anion analysis were to be tested for fluoride (F-), nitrate (NO3-), sulfate
(SO42-), chloride (Cl-) and phosphate (PO43-). The analysis was carried out on a Dionex ICS-1600
Ion Chromatograph (IC) system and the method to be used for the analysis was adapted from
EPA method 300.1 into SOP 4.7 (see Appendix B).
The Ion Chromatograph system used consisted of a Dionex AG22 guard column (4 x 50 mm)
with a guard column substrate that was polyvinylbenzyl ammonium cross-linked with
divinylbenzene (55%) with a particle size of 110 µm and a Dionex IonPac AS22 anion-exchange
column (4 x 250 mm) with a particle diameter of 65 µm. The analytical column was also equipped
with polyvinylbenzyl ammonium cross-linked with divinylbenzene (55% substrate). An alkanol
quaternary ammonium with low hydrophobicity served as the functional group on the column.
The suppressor used was an ASRS®300 4-mm electrolytic anion suppressor. The autosampler
used was an AS40 automated sampler with a 25-μL sample loop with a conductivity detector.
Stored frozen samples collected during the course of the sampling period were first taken out of
the freezer and were allowed to thaw, after which samples were put into 0.5 mL Thermo-Fischer
polyvials and capped with Thermo-Fischer filter caps. ASTM Type I (18 MΩ or greater) water
was used for preparing calibration standards and diluting samples, as needed.
A solution of 4.5 mM Na2CO3/1.4 mM NaHCO3 was used as the eluent for IC analysis. It was
prepared by pipetting 20.00 mL of AS22 eluent concentrate into a clean 2-L volumetric flask and
diluting to two liters with Type I distilled water. A Mettler Toledo PG504-S Delta Range analytical
balance and a Dionex Combined Seven Anion Standard 1 stock solution that contained the
following: 50 mL of stock (Cat. No. 056933) that contained 20 mg/L F-, 30 mg/L Cl-, 100 mg/L
NO3-, 150 mg/L PO43-, and 150 mg/L SO42- were used to prepare the mass standards.
The quality control standard (QCS) used was a Sigma-Aldrich Multielement Ion Chromatography
Anion Standard Solution, certified (89886-50ML-F, PCODE 101883226). The QCS solution was
certified to have 10.0 mg/kg ± 0.2 % of F-, Cl-, NO3-, PO43-, and SO42-. The limits of detection for
analyzing fluoride, nitrate, phosphate, sulphate and chloride were calculated to be 0.010, 0.012,
0.067, 0.18 and 0.21 mg/L respectively.
Operating parameters, such as flow rate (mL/min.), injection volume (μL), column temperature
(°C), cell temperature (°C), suppressor current (mA), and the elution order for the retention times
of the analytes are given in Table 1.

Table 1: IC parameters and their settings used for IC analysis
IC Parameter
Flow rate (mL/min)

Instrument Setting
1.2
8

Injection volume (µL)
Column temperature (°C)
Cell temperature (°C)
Suppressor current (mA)
Elution order

25
30
35
31
F-, Cl-, NO3-, PO43-, SO42-

Anion identification was based on the comparison of analyte signal peak retention times relative
to those of known standards. Quantitation was accomplished by measuring the peak area and
comparing it to a calibration curve established from known standards.
The Method Detection Limit (MDL) for anion analysis was determined by analyzing the reagent
water blank that has been fortified to a concentration that is three to five times the estimated
detection limit. The next to the lowest standard solution was used to determine the MDL. Seven
aliquots of this solution were analyzed and multiplied by the applicable t value, 3.14, for seven
replicates and a 99% confidence interval. The MDL was calculated for each individual anion, and
equation (2) was followed:
MDL = (t) x (S)

(2)

Where, t = applicable t value for a 99% confidence level and a standard deviation estimate with
n-1 degrees of freedom, and S = standard deviation of the replicate analyses. Sample
chromatograms are shown in appendix C

YSI Professional Plus Electrochemical Water Quality Probe for the determination of Ammonia NH3-[N],
Ammonium NH4+-[N], and other water quality parameters
Water quality data was collected in order to determine the correlation between the possible
pollutants and precipitation and also to establish baseline chemical conditions that could affect
the above-mentioned pollutants. The YSI water quality measurements were calibrated to be
accurate to 0.01 units for pH, dissolved oxygen (mg/L), NH4+-[N] (mg/L), and NH3-[N] (mg/L),
and 0.1 units for specific conductance and temperature (°C). Limits of detection for NH4+-[N]
(mg/L) and NH3-[N] (mg/L) were 0.01 mg/L for both analytes.
The YSI instrument was calibrated before each sampling day but not more than a day before
sampling to ensure optimal results. The instrument was calibrated by submerging each probe into
a beaker containing the calibration solutions and a stir bar and then being allowed to stir for at
least 10 minutes to get a steady calibration reading. The YSI instrument was calibrated according
to SOP 13.0, as shown in Appendix B. Data collected during sampling was stored in a sampling
logbook on-site before being transferred to excel files later on.
For data collection, the YSI probe was placed in the sample site for approximately two minutes
or until the instrument logs a consistent reading on all parameters based on the instruction manual
before they are recorded and the probe taken out and stowed away in its protective case.
E. coli Enumeration of water samples
9

Water samples to be analyzed for E. coli were collected by using a scoop with a long handle and
then using a syringe to collect a small quantity from the scoop and storing it (unfiltered) in a plastic
vial before being taken back to the lab and analyzed using 3M™ Petrifilm™ E. coli/Coliform Count
(EC) plates which use agar as the culture medium for the analysis. This is carried out following
SOP 6.5 which is included in Appendix B.
Sampling Plan
Sampling sites were chosen by selecting the locations where the flow into the woods begins which
was tagged as the inflow into Nutter center pond (INNCP) and roughly following the path of flow
through the woods via the Nutter center pond (NCP) which drains into outfall 21, flows through
Burley and then onto the exit (Outfall 15) where the flow goes beyond the woods and into the
Wright-Patterson Airforce base.
The INNCP is presumed to receive water flow both from groundwater and surface runoffs from
Bath township through a culvert that runs under the route 844 highway. It is said to be presumed
because it was not confirmed if there was an opening on the other end in Bath township as there
was on the campus side of the highway.
The water from the INNCP flows directly into the Nutter center pond (NCP), which also receives
surface runoff from various sources including parking lots around the Nutter center as the pond
lies on a downward slope from the parking lots.
Outfall 21 receives its water flow directly from the NCP via a culvert that runs underneath Raider
road as it lies downstream from the pond. From here, it flows downstream and merges with water
coming from outfall 22 and down towards Burley. Burley thus receives water flow from both
outfalls 21 and 22 as well as from surface runoffs from the surrounding woods and from
groundwater.
Outfall 15 drains water coming from Burley and another creek that also flows through the woods
that begins from Colonel Glenn highway. It also receives surface runoff directly from a section of
the University boulevard road that runs across from its opening.
Sampling went on over the course of approximately 7 months starting July 15th, 2020 and finishing
on January 27th, 2021 encompassing late Summer, the entirety of Fall and most of winter. The
following Table 2 shows the GPS location and a qualitative description of the sample sites going
from upstream to downstream. A map of the research area and sample sites are shown below the
tables.
Table 2 : GPS coordinates and qualitative description of each site sampled during the course of
the research
Sites
GPS Coordinates
Inflow to Nutter Center Pond 39° 46’ 57” N
(INNCP)
84° 2’ 53” W
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Qualitative Descriptions
Hidden by a thicket of bushes
and pretty difficult to get to
with lots of shade.

Nutter Center Pond (NCP)

39° 47’ 14” N
84° 3’ 7” W

Outfall 21

39° 46’ 57” N
84° 3’ 4” W

Burley

39° 47’ 1” N
84° 2’ 56” W

Outfall 15

39° 47’ 20” N
84° 3’ 14” W

Open surface area but with
hardly any solid embankments
from which to sample
Below ground level, totally
covered by trees and very
much obscured from view
Surrounded
by
wildfire
prairies and a relatively level
area
Relatively large outfall just
beside the road with short
concrete walls on either side

The sampling days are outlined in Table 3 below. Sampling was initially done in two-week intervals
but were adjusted to an interval weeks to ensure adequate spacing and prevent going beyond the
storage capacity of the freezers in the lab.
Table 3 – Sampling days and corresponding dates
Sample Day Number
1
2
3
4
5
6
7
8
9

Dates
07/15/2020
08/05/2020
08/19/2020
09/09/2020
09/30/2020
10/21/2020
11/11/2020
12/02/2020
01/27/2021
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Fig. 3 – Aerial view of Wright State University map showing the sample sites
The purple arrows in fig. 3 above shows the direction of flow starting from the INNCP into the
NCP which drains directly into OTF 21 (which does not receive water flow from any other
source). The water then flows from OTF 21 down to Burley (surface runoff from within the
woods gets into the water stream before it gets to Burley). The stream from Burley then joins with
the stream draining lot 7 of the Nutter Center and this combined stream merges further
downstream with another creek that starts at the Colonel Glenn highway before finally flowing
into OTF 15 which also receives additional surface runoff from the University road running across
its opening. The black X on the NCP in fig. 3 marks the sampling point for the pond and the light
blue lines indicating creeks/streams.
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Fig. 4 – Satellite photo showing sample sites INNCP, NCP and OTF 21 along with direction of
water flow
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Fig. 5 – Satellite photo showing sample sites Burley and OTF 15 along with direction of water
flow
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Fig. 6. Picture showing the INNCP sample site
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Fig. 7 - Picture showing the NCP sample site
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Fig. 8 – Picture showing OTF 21 sample site
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Fig. 9 – Picture showing the Burley sample albeit with no water flow
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Fig. 10 – Picture showing OTF 15 sample site
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III. RESULTS AND DISCUSSION
Nitrate (NO3-) and phosphate (PO43-) were not detected or were below the detection limits in any
of the sample sites. Fluoride (F-) was detected in very small quantities on only the very first day of
sampling and thus was not plotted. Chloride (Cl-) and Sulfate (SO42-) were detected in all the
samples on all the sampling dates. E. coli was found in varying levels (some sites had zero counts
on some sample days and very high levels on other sample days) at all sample sites.
Anion data analysis – Nitrate and Total Nitrogen
The non-detection of phosphate (PO43-) could be understood as they are usually found in areas of
high agricultural activity and fertilizer use but the non-detection of nitrates (NO3-) is puzzling
especially given the fact that nitrates are the second most common chemical contaminant of
groundwater after pesticides.43 Another fact that makes the non-detection of nitrate across all
sample sites befuddling is that nitrate is generally the most dominant form of nitrogen in waters
where the total [N] levels are elevated.46 It would thus be expected that there should be some
nitrate detected at sample sites INNCP and OTF 15 which had total [N] levels consistently higher
than the recommended levels. Nitrate and other forms of nitrogen in water can be from natural
sources, but when total [N] concentrations are elevated, the sources are typically associated with
human activities.46
The total [N] found at the sample sites consists of the sum of ammonia (NH3) and ammonium
(NH4+) concentrations. A table showing the specific readings for ammonia and ammonium is
provided in Appendix A. Ammonia and ammonium forms of nitrogen are usually only elevated
near sources of human and animal waste discharges.47 Ammonia is the more toxic form of nitrogen
in water and is harmful to fish and other aquatic animals while ammonium is the more
predominant form in the pH range of most natural waters (7-7.6) and is less toxic to fish and other
aquatic life.47
There are many sources of ammonia and ammonium, but the most common sources include
human and animal wastes, as well as certain fertilizers and industrial wastes. The most common
route of entry of ammonia and ammonium into surface waters are through overland runoff or
direct discharges from wastewater sources.47
The plot in Fig. 11 below for total nitrogen [N] which comprises nitrate, ammonium (NH4+) and
ammonia (NH3), shows that the [N] levels in 3 of the sample sites are under or around the 0.3
mg/L limit set by the environmental protection agency (EPA).44 The exceptions were INNCP and
OTF 15 which both showed consistently higher levels of [N] with peak concentrations of 2.35
mg/L and 2.33 mg/L respectively.
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Fig. 11 – A plot of total nitrogen [N] consisting of the sum of the ammonia (NH3) and ammonium
(NH4+) recorded by the YSI instrument at the various sample sites.
The data suggests that the total nitrogen getting into the NCP from the INNCP is reduced in the
NCP and the effluent from the NCP also has low TN levels except OTF 15 which has elevated
TN levels. This is because OTF 15 receives additional water flow from both surface runoffs and
from another main creek that originates the Colonel Glenn highway and goes through the woods.
This would indicate another source of contamination different from the INNCP within the woods
itself.
Chloride analysis
Chloride concentrations have always been at elevated levels in surface waters tested at various sites
across the campus by previous environmental research studies over the years. This could be
attributed to the de-icing salts used on roads and walkways during the winter months. The
foregoing discussion thus makes it uncertain in using chloride data as a reliable indicator of
chemical pollution because of the ambiguity of the origin of the chloride found in this research.
However, it is noteworthy that although all the sample sites have relatively high chloride
concentration levels across all the sample days, the concentrations found at the INNCP are
especially high all throughout the sampling dates with concentration levels of 200 ppm or more as
shown in fig. 12 below
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Fig. 12 – A plot of chloride (Cl-), ppm for the different sample sites on different sample dates
These elevated chloride concentration levels found at the INNCP seem to suggest that in addition
to the factors discussed above thought to be responsible for the relatively high chloride levels at
all the sample sites, the INNCP must have another source of chloride contributing to its
abnormally high levels. This other contributing factor could well be septic water discharges as
chloride is found in elevated concentrations in wastewater as a result of human dietary and culinary
sources as previously mentioned in the literature review.12
Sulfate analysis
Sulfates are commonly found in water bodies as they are soluble. Most of the sulfate in water
comes from dissolved minerals and can also come from fertilizer or sewage treatment. The sulfate
concentration levels detected during the course of this study were well below the secondary
maximum contaminant level (SMCL) of 250 ppm set by the EPA at all the sample sites with the
maximum concentration of 18.07 ppm detected at the NCP on the first day of sampling. A plot
of the sulfate data is shown in fig 13. below.
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Fig. 13 - A plot of Sulfate (SO42-), ppm for the different sample sites on different sample dates
Specific conductance data analysis
It has been established in the literature review that specific conductance is an acceptable indicator
of chemical pollution as it is closely related to the concentration of the ionized constituents of
water and wastewater and total dissolved solids.18,19 From the specific conductance plot of the
readings collected by the YSI multimeter in fig. 14 below, it is obvious straight away that readings
gotten at the INNCP were consistently higher than all other sample sites throughout the duration
of sampling.
Now, all forms of natural water will always have some form of electrical conductivity or specific
conductance due to the presence of dissolved solids, heavy metals, anions and cations but when
the conductivity levels are elevated, it is most likely due to the addition of some or all of the above
mentioned entities. In the case of wastewater and septic leachates, it could be safely assumed that
their increased conductivity is due to the high chloride levels (an anion) which has been previously
shown to be in wastewater. Hence, there is a definite correlation between the chloride and specific
conductance data especially in the case of the INNCP as its elevated chloride levels translates into
the site also having the most conductivity.
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Fig. 14 - A plot of for specific conductance, µS/cm the different sample sites on different sample
dates
The four other sample sites had readings that were mirroring each other during the period of
sampling with the only exception being OTF 15 that had elevated specific conductance readings
on the last two days of sampling on the 2nd of December and on the 27th of January. However,
that sudden spike in readings can be safely attributed to the de-icing salts used on the road that
runs right across the sample site as it was well into snow season.
pH data Analysis
The presence of organic matter (organic waste) in water bodies could lead to reduced pH as a
result of the decomposition of the organic matter to form carbon dioxide (which is already present
in water in a dissolved state and is the most common cause of acidity in water45) and oxygen. The
carbon dioxide then reacts with water to form carbonic acid which can lose one or both of its
hydrogen thus increasing the acidity of the water45 further as shown in the equations below ;
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{CH2O}

+ O2

=> CO2 + H2O

(2a)

organic matter

+ H2 O ó

CO2
H2CO3
HCO3-

ó
ó

H2CO3

(2b)

HCO3- + H+

(2c)

CO32- + H+

(2d)

Again, we can note from the graph plot of the pH data in fig. 15 below that the readings for the
INNCP were consistently lower than the other sample sites throughout the period of sampling.
Although the readings show that all the sites tested were alkaline with pH readings all above 7,
those of the INNCP were lower than the rest thus making it ‘more acidic’ than the others.
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Fig. 15 - A plot of pH at the different sample sites on different sample dates
Dissolved oxygen data analysis
The data plot for dissolved oxygen in fig. 16 below also reveals some interesting trends. It can be
seen that the NCP had consistently lower levels of dissolved oxygen throughout the whole period
of sampling but there was a reason for this consistently lower levels compared to the other sample
sites.
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Fig. 16 – A plot of dissolved oxygen at the different sample sites
The Nutter Center Pond (NCP) always has some degree of algae growing on its surface and a
perpetual presence of dead and decomposing plant life both on its surface and within its depths.
When the algae dies, the process of its decomposition along with the decomposition of the plant
life consumes dissolved oxygen which thus leads to the sample site having lower levels of dissolved
oxygen as reflected in fig. 16 above.
Taking the NCP out of the discussion leaves the INNCP as the site with the lowest levels of
dissolved oxygen with DO levels almost mirroring that of the NCP but without having the same
conditions that were responsible for the low levels of DO in the NCP. This points to the
conclusion that there is another form of organic matter being decomposed in the INNCP
responsible for its lower than normal levels of DO.
It is important to note that the DO levels of the sample sites downstream from the NCP are
consistently higher than that of the NCP and INNCP. This might indicate that NCP largely
reduces the organic pollutant load that is passed on to the sample sites further downstream and
that reoxygenation processes are adequate to replenish dissolved oxygen levels at downstream
sites.
E. coli data analysis
At the beginning of sampling in mid-summer, the E. coli levels were comparatively low with the
highest level being 550 colonies per 100 mL in OTF 15 on the 5th of August and with some sites
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having zero colonies detected like in the case of Burley on the first two sampling days. Those early
weeks of sampling fell during periods of almost zero rainfall as shown in fig. 18 further below.
As from the third day of sampling, there was a gradual and progressive increase in the number of
E. coli colonies detected across all sample sites with levels going from below 500 colonies per 100
ml to more than 11000 colonies per 100 ml as shown in fig. 15 below. These periods of steady
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* E. coli count on 11/11/2020 was too numerous to count (TNTC) at the INNCP
Fig. 17 – A scatter plot of E. coli, colonies per 100 mL concentrations at the different sample sites.
increase had a rough correlation with an increase in the amount of precipitation in the form of
rainfall or snowfall during that time period.
For OTF 15, the colony count went from 800 cfu/100ml on the 19th of August to a peak count
of 3150 cfu/100ml on the 30th of September. Burley had 300 cfu/100ml on the same start date
and also had its peak of 8100 cfu/100ml on the 30th of September. The INNCP had a colony
count of 2100 cfu/100ml on the 19th of August and its peak count on the 11th of November was
too numerous to count (TNTC).
The NCP went from a colony count of 50 on August 19th to a peak count of 11,100 on the 11th of
November and lastly OTF 21 had a colony count of zero on August 19th to a peak count of 5200
on the 11th of November. A possible explanation for 3 out of the 5 sample sites all having their
peak colony counts on the 11th of November could be due to the fact that there was a short but
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very intense bout of heavy rainfall on the day of sampling that could led to animal droppings being
washed into the sample sites thus contributing to the abnormally high counts.
There was a precipitous drop in colony counts across all the sample sites on the last two sample
days that coincided with a drop in temperature with four of the sites falling back down to 550
cfu/100ml or below with the exception being the INNCP which had colony counts of 1200 and
1250 cfu/100ml on the 2nd of December and on the 27th of January respectively.
It is also noteworthy that the drop in E. coli colony counts on the last two sampling days also
coincides with an increase in the dissolved oxygen levels across all the sites on those sample days
as seen in fig. 16 above. This makes sense since E. coli uses oxygen when available though it is
classified as a facultative anaerobe (can grow in the absence of oxygen using fermentation or
anerobic respiration). It thus follows that a decrease in the number of E. coli will coincide with an
increase in dissolved oxygen.
Overall, the E. coli data is fairly consistent with the passage of fecal contamination from the
INNCP to NCP to OTF 21, Burley and OTF 15 with diminishing concentrations due to dilution
within the NCP and oxidation throughout the retention time in the system and this is supported
by the E. coli counts on 11/11/2020.
The data also highlights the role of rainfall in contamination, which is especially evident on
9/30/2020 and 10/21/2020 that both followed rainfall events. On those sample dates, the E. coli
counts at Burley and OTF 15 were higher than the upstream sites of NCP and OTF 21. This
suggests an additional source of fecal contamination within the woods reaching these sites by
surface runoff.
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Fig. 18 – A plot of precipitation (inches) collected by the James Cox Dayton International Airport
for the two days preceding the sample days and on the sample day

The rainfall data roughly correlates with the E. coli concentrations found across the sampling sites.
The number of colonies found at the sample sites were relatively very low at the beginning of the
sampling period when there was little to no rainfall. A general increase in the number of colonies
is seen from the end of September when the amount of precipitation started to be consistently
high. This could be due to the ease of transport of the E. coli both from its source and from surface
runoff flowing into these samples which maybe containing E. coli from animal droppings.
The drop off in the number of colonies found on the last two sampling days across all sites could
be due to the fact that the precipitation was now in the form of snow rather than rainfall, which
does not flow as much as rain thus reducing surface runoff contributions.

VI. CONCLUSION
An investigative analysis into the source of surface water contamination of the Wright State
University woods was carried out by testing the waters at five selected sample sites for E. coli and
specific anions and by recording water quality parameters using the YSI multimeter probe. The E.
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coli was counted using 3MTM Petrifilms and the anions were analyzed using a Dionex ICS-600 Ion
Chromatograph.
From the data collected and analyzed during this investigative study, some conclusions can be
drawn. First, the INNCP is clearly a source of contamination for the waters flowing into the Nutter
Center pond as indicated by the high E. coli counts, chloride concentration, low DO levels, pH
and specific conductance readings.
Second, it is safe to assume that the NCP acts a dilutor of contaminants received from the INNCP
and markedly reduces the organic pollutant load being passed down to downstream sites. This is
evident in almost all the sampling parameters especially chloride, DO, specific conductance and
TN, with the sample sites downstream from the NCP having consistently lower readings, with a
few exceptions.
Lastly, there are other sources of contamination within the woods itself. This is supported strongly
by OTF 15 having higher parameter readings for DO, TN and E. coli (after precipitation activity)
and also by Burley having higher E. coli counts than the upstream sites after rainfall. This indicates
that there are other routes by which contaminants are getting into these sites that is not from the
INNCP.
In future studies, it is recommended that more regular testing of these sample sites and additional
sample sites be carried out, with emphasis being placed on sample collection from the stream
draining lot 7 of the NCP and the creek originating from the Colonel Glenn highway. It is also
recommended that these sites be tested for pharmaceutical and personal care products (PCPs) and
especially artificial low-calorie sweeteners with an emphasis on Acesulfame as it is not digested by
the human body and persists in aquatic environments. Detection of the latter will be sure proof
of contamination from septic systems. Testing for biological oxygen demand (BOD) should also
be carried out to determine the extent of organic pollution being passed out from the NCP.
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VII. APPENDIX A - Tabulated Results
The results are differentiated by the respective instruments of analysis by which they were gotten
and also by a color code with blue indicating results gotten from the IC, green for results of the
YSI meter and yellow for the E. coli counting results.
The following table 1A shows nitrate concentrations in parts per million (ppm) for each of the
sample dates.
Table 1A – Nitrate concentrations in ppm
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

1.833

1.47

1.88

1.73

NA

08/05/2020

1.61

1.33

1.74

<LOD

<LOD

08/19/2020
09/09/2020
09/30/2020
10/21/2020
11/11/2020
12/02/2020
01/07/2021

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

The following table 1B shows chloride concentrations in parts per million (ppm) for each of the
sample dates.
Table 1B – Chloride concentrations in ppm
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY INNCP

NCP

OTF 21

07/15/2020

102.8

90.06

217.11

160.22

101.58

08/05/2020

111.59

61.69

208.15

60.96

108.81

08/19/2020

102.81

90.06

217.41

160.22

101.58

09/09/2020

102.81

88.21

200.15

147.81

98.27

09/30/2020

111.59

61.69

208.15

60.96

108.81

10/21/2020

121.41

65.48

209.15

68.15

109.25

11/11/2020

114.87

60.81

202.80

70.35

102.21
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12/02/2020

113.11

61.22

198.99

60.45

102.21

01/07/2021

170.21

100.11

230.81

180.17

124.83

The following table 1C shows fluoride concentrations in parts per million (ppm) for each of the
sample dates.
Table 1C – Fluoride concentrations is ppm
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

<LOD

<LOD

<LOD

<LOD

<LOD

08/05/2020

0.23

0.20

0.20

0.21

0.26

08/19/2020
09/09/2020
09/30/2020
10/21/2020
11/11/2020
12/02/2020
01/07/2021

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

The following table 1D shows phosphate concentrations in parts per million (ppm) for each of
the sample dates.
Table 1D – Phosphate concentrations in ppm
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

<LOD

<LOD

<LOD

<LOD

<LOD

08/05/2020

<LOD

<LOD

<LOD

<LOD

<LOD

08/19/2020

<LOD

<LOD

<LOD

<LOD

<LOD

09/09/2020

<LOD

<LOD

<LOD

<LOD

<LOD

09/30/2020

<LOD

<LOD

<LOD

<LOD

<LOD

10/21/2020

<LOD

<LOD

<LOD

<LOD

<LOD

11/11/2020

<LOD

<LOD

<LOD

<LOD

<LOD
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12/02/2020

<LOD

<LOD

<LOD

<LOD

<LOD

01/07/2021

<LOD

<LOD

<LOD

<LOD

<LOD

The following table 1E shows sulfate concentrations in parts per million (ppm) for each of the
sample dates.
Table 1E – Sulfate concentrations in ppm
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

11.40

5.95

9.09

18.07

6.19

08/05/2020

9.72

5.26

10.54

4.62

7.27

08/19/2020

6.07

5.88

7.55

5.70

5.01

09/09/2020

6.85

6.95

6.90

5.39

4.95

09/30/2020

6.49

5.69

12.44

4.35

4.38

10/21/2020

7.58

4.16

11.27

3.44

5.67

11/11/2020

4.85

5.05

7.49

4.04

3.82

12/02/2020

5.87

7.97

7.15

8.11

8.04

01/27/2021

14.42

11.56

13.81

12.97

8.88

The following table 1F shows the percent recoveries of each analyte
Table 1F – Analyte percent recoveries
STANDARD

% RECOVERY

FLOURIDE

93.07%

CHLORIDE

86.78%

NITRATE

92.52%

PHOSPHATE

96.67%

SULPHATE

94.10%
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The following table 2A shows water quality results for pH as obtained by the YSI multimeter for
each of the sample dates.
Table 2A – pH data
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

7.86

7.94

7.65

7.93

7.99

08/05/2020

8.09

8.14

7.72

7.86

7.81

08/19/2020

8.18

8.19

7.84

8.04

8

09/09/2020

7.92

8.11

7.66

8.26

8.29

09/30/2020

7.95

8.05

7.77

8.14

8.21

10/21/2020

7.8

7.83

7.5

7.88

7.9

11/11/2020

8.14

8.13

7.7

7.73

8.44

12/02/2020

8.04

8.14

7.76

7.95

7.87

01/27/2021

8.38

8.45

8.2

8.33

8.18

The following table 2B shows water quality results for specific conductance (µs/cm) as obtained
by the YSI multimeter for each of the sample dates.
Table 2B – Specific conductance data
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

1187

780

1815

647

476.8

08/05/2020

818

730

1172

706

723

08/19/2020

757

681

1534

663

674

09/09/2020

839

722

1746

713

700

09/30/2020

709

716

1503

714

683

10/21/2020

669

611.1

1516

586.1
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11/11/2020

411.1

511.9

972

464.5

476.8
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12/02/2020

1190

555.7

1567

559.1

500.8

01/27/2021

2083

1628

2197

1419

1604

The following table 2C shows water quality results for temperature (°C) as obtained by the YSI
multimeter for each of the sample dates.
Table 2C – Temperature data
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

20.4

24

22.2

25

26.9

08/05/2020

18.8

20.6

24.6

17.7

20.2

08/19/2020

18.7

20.3

17.1

20.1

23.8

09/09/2020

20.9

22.5

19.5

22.9

25

09/30/2020

14.1

15.5

13.1

15

17.6

10/21/2020

14.1

13.8

13.9

14.2

13.7

11/11/2020

14.6

14.8

13.5

14.9

15.2

12/02/2020

3.2

3.9

4

3.3

4.8

01/27/2021

2.2

2

2.7

2.6

2

The following table 2D shows water quality results for Total Nitrogen (mg/L) as obtained by the
YSI multimeter for each of the sample dates.
Table 2D – Total Nitrogen Data
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

0.75

0.29

0.53

0.23

0.21

08/05/2020

0.57

0.49

1.1

0.37

0.37

08/19/2020

1.2

0.33

0.87

0.29

0.25

09/09/2020

0.46

0.29

2.35

0.26

0.19
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09/30/2020

0.43

0.29

0.78

0.24

0.2

10/21/2020

2.23

0.15

0.36

0.13

0.11

11/11/2020

0.2

0.16

0.31

0.13

0.12

12/02/2020

0.81

0.18

0.32

0.16

0.12

01/27/2021

1.04

0.54

0.53

0.42

0.61

The following table 2E shows water quality results for Dissolved oxygen (mg/L) as obtained by
the YSI multimeter for each of the sample dates.
Table 2E – Dissolved oxygen data
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

8.21

8.42

5.24

7.06

6.81

08/05/2020

8.82

7.13

4.58

1.82

6.23

08/19/2020

7.69

7.74

7.84

2.05

6.32

09/09/2020

8.46

8.11

3.09

5.35

8.78

09/30/2020

9.26

9.2

5.09

5.26

9.07

10/21/2020

9.56

9.62

4.78

4.71

9.41

11/11/2020

9.26

9.11

7.31

6.6

9.94

12/02/2020

13.3

13.2

12.19

12.24

11.98

01/27/2021

13.1

12.1

10.2

10.8

10.1

The following table 3 shows the E. coli (colonies pe 100 ml) data obtained by using the 3M plates
Table 3E – E. coli data
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

500

0

250

250

100

08/05/2020

550

0

400

350

150
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08/19/2020

800

300

2100

50

0

09/09/2020

1000

1100

500

0

100

09/30/2020

3150

8100

2200

200

500

10/21/2020

2500

4500

5650

1950

2500

11/11/2020

2450

4050

TNTC*

11100

5200

12/02/2020

300

300

1200

200

250

01/27/2021

100

100

1250

550

100

Table 3D – Ammonia (NH3) data in mg/L
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

0.02

0.01

0.01

0.01

0.01

08/05/2020

0.02

0.03

0.02

0.01

0.01

08/19/2020

0.05

0.02

0.02

0.01

001

09/09/2020

0.02

0.02

0.04

0.02

0.02

09/30/2020

0.20

0.01

0.01

0.01

0.01

10/21/2020

0.02

0

0

0

0

11/11/2020

0

0.01

0

0

0.01

12/02/2020

0.01

0

0

0

0

01/27/2021

0.03

0.01

0.01

0.01

0.01
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Table 3E: Ammonium (NH4+) in mg/L
SAMPLE DATES

SAMPLE
SITES
OTF 15

BURLEY

INNCP

NCP

OTF 21

07/15/2020

0.73

0.28

0.52

0.22

0.20

08/05/2020

0.55

0.46

0.91

0.36

0.36

08/19/2020

0.97

0.31

0.85

0.28

0.01

09/09/2020

0.44

0.27

2.31

0.24

0.17

09/30/2020

0.23

0.28

0.77

0.23

0.19

10/21/2020

2.21

0.15

0.36

0.13

0.11

11/11/2020

0.19

0.15

0.31

0.13

0.11

12/02/2020

0.80

0.18

0.32

0.16

0.12

01/27/2021

1.01

0.53

0.52

0.41

0.6
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APPENDIX B – Standard Operating Procedures (SOPs)
The following are the standard operating procedures used during the course of this research study,
organized in numerical order.

STANDARD OPERATING PROCEDURE 4.7
DETERMINATION OF INORGANIC ANIONS BY ION CHROMATOGRAPHY (IC)
IN SURFACE AND GROUND WATER SAMPLES
BY EPA METHOD 300.1
Revised January 19, 2021
By
Audrey McGowin, Ph.D.
Clara Leedy
Nnadozie Okeke

42

Approved: _____________________________________________________
Audrey McGowin, Ph.D.
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1.

SCOPE AND APPLICATION

This method utilizes EPA Method 300.1 and ion chromatography to determine
selected anions (F-, Cl-, NO2-, Br-, NO3-, PO43-, and SO42-) in water samples. A small
volume of the sample solution is injected into the ion chromatograph (IC) into a
flowing stream of eluent (carbonate-bicarbonate) solution. Detection is achieved
using a suppressor column and a conductivity detector. Anion identification is
based on the comparison of analyte signal peak retention times relative to those of
known standards. Quantitation is accomplished by measuring the peak area and
comparing it to a calibration curve established from known standards. In addition,
there is a maximum holding time associated with these ions.
2.

SUMMARY OF METHOD

This method applies to sample analysis by IC for F-, Cl-, NO2-,Br-, NO3-, PO43-, and
SO42-in surface water and groundwater.
3.

HEALTH AND SAFETY

The analyst must assume that all surface water samples are potentially
contaminated and should be treated accordingly. Personal protective equipment
(PPE) should be worn at all times while in the lab. This includes lab coat, nitrile
gloves, and safety glasses, in addition to long pants and closed toes shoes. Expired
water samples and anion standards can be poured down the drain because all
anions are at trace levels.
4.

EQUIPMENT AND SUPPLIES
4.1

4.2
4.3
4.4
4.5
4.6

A Dionex ICS-1600 Ion Chromatograph (IC) system that includes the
following components and accessories:
4.1.1 Dionex IonPac AS22 anion-exchange column (4 x 250 mm). This
column has a particle diameter of 65 µm. The substrate is
polyvinylbenzyl ammonium cross-linked with divinylbenzene
(55%). The functional group is alkanol quaternary ammonium
with ultralow hydrophobicity.
4.1.2 Dionex AG22 guard column (4 x 50 mm). The guard column
substrate is also polyvinylbenzyl ammonium cross-linked with
divinylbenzene (55%) with a particle size of 110 µm.
4.1.3 AERS 4-mm anion suppressor column
4.1.4 Dionex AS-DV automated sampler
4.1.5 0.5 mL Dionex polyvials and filter caps
Pre-cleaned 50-mL or 100-mL beakers for weighing calibration
solutions
Pre-cleaned high-density polyethylene (HDPE) bottles (125- or 250mL) for samples and storage of calibration solutions
Analytical balance with ±0.1 mg sensitivity for calibration solution
preparation
Pastor pipettes and pastor pipette bulbs
Disposable 10-mL BD syringe (Latex Free Luer-LokTM)
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4.7
4.8
5.

REAGENTS AND STANDARDS
5.1
5.2
5.3
5.4
5.5

6.

7.

Disposable 0.2-μm pore size syringe filter (Whatman ZC)
1000-mL volumetric flask for preparation of eluent solution

ASTM Type I (18 MΩ) water or high quality filtered deionized water
for preparing calibration standards and diluting samples, as needed.
Eluent: 4.5 mM Na2CO3/1.4 mM NaHCO3 prepared from stock
solution
Dionex Combined Five Anion Standard (100 mL, Cat. No. 037157) that
contains 20 mg/L F-, 30 mg/L Cl-, 100 mg/L NO3-, 150 mg/L PO43-, and
150 mg/L SO42-.
Dionex Chloride Standard, product number 037159, ~1000 mg/L.
Quality Control Sample (QCS): Supleco Multielement Ion
Chromatography Anion standard solution (Product No. 89886) which
contains 10 mg/kg ± 0.2 % F-, Cl- , Br-, NO3-, PO43-, and SO42-.

SAMPLE COLLECTION AND PRESERVATION
6.1

Sample collection and preservation must be performed in accordance
with SOP 3. Samples should be filtered into 10-mL plastic tubes and
placed in a cooler containing a cold pack upon collection.

6.2

Filtered samples are transferred to a freezer in the laboratory as soon
as sample collection is completed. They can be stored indefinitely in
the freezer.

QUALITY CONTROL
To assure minimum QC, SOP 2 regarding equipment (sample bottles and
autosampler vials) cleaning for IC analysis should be followed. Samples
should be injected once each, except for diluted samples, which should be
injected in duplicate by preparing two samples vials each containing the same
diluted sample. A quality control check solution will be run with each set of
samples. A standard solution will also be run at least once every 10 samples.

8.

PROCEDURES
8.1

PREPARATION OF SAMPLE VIALS
Autosampler vials and cap filters are pre-cleaned and ready for use.

8.2

PREPARATION OF CARBONATE-BICARBONATE ELUENT
The eluent for anion IC analysis is a solution of 4.5 mM Na2CO3/1.4
mM NaHCO3. Pipette 20.00 mL of AS22 Eluent Concentrate into a
clean 2-L volumetric flask and dilute to two liters.

8.3

ASSESSMENT OF LABORATORY PERFORMANCE
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8.3.1

Laboratory Reagent Blank (LRB) – Use high quality water (18 MΩ) as
the blank solution because all standards and diluted samples must be
prepared using ASTM I or high-quality filtered (0.22-µm pores) DI
water. An LRB must be analysis with each sample batch. If the LRB
exceed the method detection limit (MDL), contamination is suspected
and corrective action must be taken.

8.3.2

Method Detection Limit (MDL) – MDLs are determined by analyzing
the reagent water blank that has been fortified to a concentration that
is three to five times the estimated detection limit. For this analysis,
the next to the lowest standard solution can be used to determine the
MDL. Analyze seven aliquots of this solution that has been through
the entire analytical process (filtering, dilutions, calculations, etc.).
Calculate the MDL using the following equation:
MDL = (t) x (S)
Where, t = Student’s t value for a 99% confidence level and a standard
deviation estimate with n-1 degrees of freedom [t = 3.14 for
seven replicates].
S = standard deviation of the replicate analyses.

9.0

8.3.3

Field Duplicates (FD) – Two samples that were collected at the same
site under identical circumstances that are used to indicate precision
for sample collection, preservation and storage, and sample
preparation procedures.

8.3.4

Quality Control Sample (QCS) – This is a sample with known anion
concentrations that is analyzed alongside field samples to ensure that
instrument performance is acceptable. The determined concentrations
should be within ±15% of the stated values for performance to be
acceptable. If the performance is determined to be unacceptable, the
problem must be identified and corrected.

8.3.5

Minimum Reporting Level (MRL) – The minimum concentration of
each analyte that can be reported. This is usually the concentration of
the lowest Calibration Standard that is within the Linear Calibration
Range.

CALIBRATION AND STANDARDIZATION
The Linear Calibration Range (LCR) should cover the concentration range of
the field samples. It may not extent over three orders of magnitude. If it
does, then two separate calibration curves should be prepared. A minimum
of five calibration standards should be analyzed for a calibration curve that
extends over three orders of magnitude. Refer to Table 1. All mass
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measurements must be done using an analytical balance and weighed to the
nearest 0.0001 g.
Parts-per-million (ppm) can be in units of mg/L or mg/kg so but it must be
defined. The Dionex Combined Five Anion Standard 1 (100 mL, Cat. No.
037157) contains ~20 mg/L F-, ~30 mg/L Cl-, ~100 mg/L NO3-, ~150 mg/L
PO43-, and ~150 mg/L SO42-. The exact concentrations for your calculations
can be obtained from the Certificate of Analysis form that comes with the
standard reagent. This can be found in the 3-ring binder of standards in the
lab. These are given in concentration units of mg/L. If you dismiss the error
that results from the fact that 1.000 mL of water has a mass of 0.9982 g at 20
°C, then standard solutions can be prepared by weighing an aliquot of
primary standard solution in mg/L and diluting with water on an analytical
balance to have concentration in units of mg/kg (ppm).
Table 1. Mixed Calibration Standard Preparation for IC analysis.
Final Concentration mg/kg or ppm
F-

Cl-

NO3-

PO43-

SO42-

Standard
1

Initial Conc.
(mg/L)

20.0

30.0

100

150

150

Standard
2

5 g Five
Anion Stock
+ 5 g H2O

10.0

15.0

50.0

75.0

75.0

Standard
3

1 g Standard
2 + 9 g H2O

1.00

1.50

5.00

7.50

7.50

Standard
4

1 g Standard
3 + 9 g H2O

0.10

0.150

0.50

0.75

0.75

To prepare the Standard 2, weigh ~5 g of the Dionex Five Anion Standard on
an analytical balance to the nearest 0.0001 g and add ~5 g of ASTM Type I
water for a 1:2 dilution. Use Standard 2 to prepare Standards 3 & 4. Carefully
record all of the masses when preparing calibration standards and calculate
the true concentrations to three significant figures. Transfer the standards to
pre-cleaned (SOP 2) and labeled plastic 150-mL bottles.
In addition, you will need to prepare three additional chloride standards to
bracket the higher chloride concentration that are found in the samples
collected.
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The chloride standard solution contains ~1000 mg/L chloride.
Prepare an additional three chloride standards to calibrate the higher
concentration region expected in the samples by weighing out the 1000 ppm
standard and diluting with ASTM Type I water according to the following
table. The areas of these peaks will be added to the calibration for chloride.
Table 2. Preparation of Chloride Standard Solutions
Final
Cl- Concentration
mg/kg or ppm
Standard 1
(Stock)

Initial Conc.
(mg/L)

*1000

Standard 2

5 g Standard 1 + 5 g
H2 O

500

Standard 3

1 g Standard 1 + 9 g
H2 O

100

Standard 4

3 g Standard 3 + 7 g
H2 O

30

*May be too high for accurate peak detection on instrument
10.0

OPERATION OF DIONEX ION CHROMATOGRAPH
Table 3. Ion Chromatography Parameters for the Dionex ICS-1500
IC Parameter
Instrument Settings
Flow Rate (mL/min)
1.2
Injection volume (µL)
250 (check sample loop)
Column Temperature (°C) 30
Cell Temperature (°C)
35
Suppressor current, mA
31
Elution order
F-, Cl-, NO2-, Br-, NO3- , PO43-, and SO42
10.1
10.2
10.3
10.4

Before starting the instrument, check the logbook to see if any
problems have occurred. Enter this use into the logbook.
Prepare fresh eluent, according section 8.2, and place it in the eluent
reservoir. Replace the eluent reservoir and insert the draw tube until it
reaches the bottom of the bottle.
Check the wastewater reservoir. Dump the wastewater into the sink if it
reaches about half full.
Verify the Dionex IC1600 instrument is turned on with power indicator lit
green. Verify the Dionex AS-DV Automated Sampler is turned on by the
connected indicator lit green. If not, the main power switches are located
on the back sides of the instruments.
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10.5
10.6
10.7
10.8
10.9
10.10
10.11

10.12
10.13
10.14
10.15

10.16
10.17
10.18
10.19

Double click on the <Chromeleon 7> icon located on the desktop.
Click the <Instruments> tab at the bottom left corner.
Verify the autosampler is connected to the software by clicking the
<Sampler> tab and the ‘Connected’ indicator is lit with a green light on
screen.
Click the <Pump_ECD> tab at the top of the window to view the replicate
IC panel on the screen. Verify the instrument is connected to the software
by making sure the green light is lit on the screen
On the <Pump_ECD> tab, locate the <Pump> control box drag the eluent
fill line to 2.
Open the waste valve on the lower left of the instrument, then select
<Prime> and choose <ok> after the prompt to open valve.
Select <Monitor Baseline> from the top of the screen then <ok>, and wait
~10 minutes for pressure to stabilize. Check for air bubbles near the waste
vale. Switch between <Load Position> and <Injector Position> in the
<Valve> control box, and back.
When there are no more bubbles in the line, select <Off> from the
<Pump> control box. Close waste valve and select <Stop> to end baseline
monitoring.
In the <Pump> control box, set the flow rate to 1.2 mL/min and click
<ON> to start the pump.
Locate the <Column Oven> control box and set the column heater
temperature to 30.0 °C.
Locate the <Supressor> control box and change TYPE to AERS_4mm,
change CURRENT to 31 mA and drag icon to the left to turn the
suppressor ON.
10.15.1 Check the flow from the suppressor to be sure eluent is flowing
through the system. You should see a regular pattern of
bubbles and eluent passing through the tubing to the waste
container. If bubbles aren’t present, increase current (in
Suppressor control box) to about 50 mA until bubbles are
present then set it back to 31 mA.
Click <Command> on the top tool bar. Set the Cell
Temperature.Norminal to 35.0oC then exit window.
On the top tool bar click <Monitor Baseline> then <OK>.
Allow the system to equilibrate for at least 30 minutes.
While Monitoring Baseline, stretch the output signal as far as possible to
check for a sine wave pattern (The screen should show the ECD_1
detector reading directly). This indicates that there are bubbles in the
eluent line. To reduce the sine wave patters, loosen the knob on the left
pump (the priming pump) for a couple of seconds and observe is bubbles
are released. Close the valve and continue to monitor the signal until the
background signal is as flat as possible. This is a good time to also fill the
sample vials and load the autosampler.

10.20 Preparation of samples and loading of autosampler vials into racks.
10.20.1

Allow samples to come to room temperature to avoid
formation of air bubbles in vials.
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10.20.2
10.20.3

10.20.4

10.20.5

10.20.6

10.20.7

10.20.8

10.20.9
10.20.10
10.20.11
10.20.12

Use gloves when handling vials. Autosampler vials should
be labeled according to the sample container from which
they were removed.
After rinsing, place the empty vials into an autosampler
cassette. If you are doing trace-level analyses, use forceps to
handle the vials and avoid touching any surface that will be
wetted with sample.
Load each standard/sample into a sample vial in the
following sequence: 2 LRBs, Calibration Standards (lowest
to highest concentration), 2 LRBs, QCS, undiluted samples,
Calibration Check Standard (CCS of intermediate
concentration), LRB, diluted samples, seven replicates of
Calibration Standard 5 (to determine the MDL), and one
End Calibration Check Standard (ECCS of a lower
concentration) followed by a 2 LRBs.
Vials will be filled using a disposable 10-mL BD syringe, to
which a disposable 0.2-µm syringe filter has been attached.
First, draw a few milliliters of sample/blank/standard into
the syringe and discard. Then, draw another few milliliters
of sample into the syringe, attach a filter and depress the
syringe plunger to discharge about 2 mL of the sample into a
waste container. This rinses the filter. Fill the autosampler
vial to the fill line marked on the vial body. After filling,
inspect the vials to make sure no air bubbles are trapped at the
bottom.
Inspect each cap for damage (nicks, scratches, etc.). Refer to
the Appendix of this document for the correct configuration
and install the caps in the vials. Use forceps when handling
the caps to prevent contamination.
An insertion tool (P/N 037987) ensures that the cap is
inserted to the proper depth. The flat end of the tool inserts
the cap to the proper depth for a sample (i.e., the top of the
cap is flush with the lip of the vial).
After pushing the cap into the vial, shake off any liquid that
has been forced into the cap socket. Do not use laboratory
wipes to blot liquid from the cap sockets; wipes leave fibers,
which can accumulate in the liquid flow path and cause
increased backpressure.
On the <Sampler> tab you can use the Commands box Raise
the Needle and to move carousel as you load your samples.
Load the vials in the autosampler carousel, with adapters.
Notate each sample with placement number on carousel as
this indicates the order in which the vials are sampled.
Make sure vials are loaded in the correct sequence.
Under the <Settings> command box change Deliver Volume
to 250 and move the Vial Position to 1.

10.21 Setting up a Sequence
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10.21.1

10.21.2
10.21.3

10.21.4
10.21.5
10.21.6
10.21.7
10.21.8

10.21.9

10.21.10

10.21.11

10.21.12

If you have an existing sequence, you can copy an existing
sequence into your folder and change the file name, then
change all the injection entries in the “status” column to
<Idle> (Change one and copy down). Then save and select
<okay> to override old data. Fill out sample
names/positions accordingly.
If you do not have an existing sequence, under the <Data>
tab click “Create” on the top toolbar, followed by
“Sequence” to activate a new sequence.
A screen will appear asking for information about your
sequence. Input the total number of vials, injections per vial
(2), start position of your first vial (should be 1), and
injection volume to 250.
Select “Next” for Methods and Reporting.
For “Instrument Method” click <Browse>, then <ENVIRO>,
then <Open>.
For “Processing Method” click <Browse>, then <New
Processing Method>, then <Open>.
Select <Next>, then <Finish> to generate the sequence.
Name the sequence by entering “WSUWoods” in object
name and click save.
The new sequence will pop open and here you can edit the
names of standards, blanks, and samples to reflect what is at
each location in the sampler carousel. Use the sample codes
as sample names, NOT the analysis date!
Save the edited file by clicking save in the top window and
open an old anion sequence file from the browser menu on
the left hand side of the screen. Select “Shutdown
Anion.pgm”. Right click and select copy to copy this
program and add it to the end of your sequence.
Reopen the sequence just created. Paste the “Shutdown
Anion.pgm” into the sequence just under the new sequence
where the other .pgm files are located. This will shut down
the IC automatically at the end of the analysis.
Append a additional entries to the end of the sequence by
selecting the last entry and simultaneously pressing the
control and down keys. Make two “blank” entries. On the
instrument column for the last vial change method from
ENVIRO to Shutdown.
Save the final version of the sequence file.

10.22 Check the “conductivity” reading to be sure it is stable. When the IC is
stable, record the total conductivity and total backpressure and other
information on the logbook.
10.23 Return to the main menu by clicking on the “Instrument” tab at the
bottom left corner. Select “Pump_ECD”
10.24 Click on the “Stop” on the top tool bar to end the real time data
acquisition.
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10.25 Click on instruments tab, and then autosampler. The click “reset
memory” followed by “continue.” Ensure that the volume reads “250
µL.”
10.26 Return to the desired sequence file by selecting “Data” in the bottom left
corner. Select you named sequence. Click “Start” to begin analysis.
10.27 Manual Integration of Data
10.27.1 After sequence is finished, open <Chromeleon7>.
10.27.2 In the left bottom corner click the <Data> tab.
10.27.3 Double click to open your named file. Double click to 1st sample
to open to allow for peak manipulation.
10.27.4 Under ‘Data Processing Home’ tab, in the ‘Panes’ window click
<Processing Method> and <Chromatogram>, then in the
middle of the screen select <Component table>. From here you
can adjust the retention times for seven anions compared to the
run injection peaks. Adjust window to 0.200, then click <Save>.
10.27.5 Click the ‘Processing method’ tab at the top tool bar.
10.27.6 Use ‘Manual Peak Detection (Integration) tools to integrate
peaks.
10.27.7 Delete all peaks since automated integration takes into account
the water dip and integrates using the bottom point at the
baseline.
10.27.8 Use ‘Insert peak’ or any useful tool to ingrate all peaks needed
for analysis.
10.27.9 Save after each injection is modified
10.27.10 On the bottom left corner click <Report designer> tab and
click <Anion> then OK and save.
10.28 After analysis has finished, export the data.
Exporting IC Data:
Double click one run of the sequence to be exported. Select <Report
Designer> Click Chromeleon icon at the top left corner and click
<Export>. Then click the ‘current sequence’ and make sure the ‘PDF
file
format’ and Excel format (for easier data manipulation to make
calibration curves and sample concentrations). Choose a destination under
the
“parent folder” drop down menu so you know where to locate the
files. Select OK when you are finished, you can locate the files and save it on
your flash drive.
11.

DATA ANALYSIS
Since the elution order of the seven analyzed anions is known, a set of six
standards will be run on the IC (Dionex) in order to determine the anions’
retention time. The established retention time for the anions will be used to
assess the identities of the anions detected in the water samples. In addition, a
calibration curve for each anion will be generated based upon how the
instrument response (analytical signal) changes with the concentration of the
analyte from the lowest to highest concentrated standard.
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A calibration curve is an analytical method for determining the concentration
of a substance in an unknown sample by comparing the unknown to a set of
standard samples of known concentration. Calibration curves will be
generated on Excel or another comparable data analysis software (e.g., Origin
or SigmaPlot) by plotting the analytical signal (analyte peak area) of the
instrument against the concentration of the analyte (anion).
A sufficient calibration curves should display a linear trend with a linear
regression coefficient (R2) of at least 0.99. The linear regression equation for
the plot will be obtained from the data analysis software and will be used to
compute the anion concentrations in all unknown samples. The analytical
signal (μS*Min) and retention time of each anion will be obtained from
chromatograms generated by the IC Chromeleon software.
The five standards were prepared using a serial dilution method, so dilution
factors must be taken into account to accurately compute the concentration of
each standard analyte. The following equation is used to accurately calculate
anion concentration:

[anion concentration ] = (original anion conc.)(diltuion factor )
where
the original anion concentration is obtained from the original stock solution
or original standard used to prepare the given standard (Table 1), and the
dilution factor is the ratio of final volume/aliquot volume (final volume =
aliquot + diluents). In this case, the volume is considered to be equivalent to
the mass of the solution (Table 1).
It is important to note, if any anion is detected at concentrations above the
highest standard (Std 1), those samples must be appropriately diluted in
order to determine the anion concentration.
The analyte peak areas (μS*Min) or concentration from standard 6 (most
diluted standard) define the limit of detection (LOD) for each anion. Levels of
anions below their respective LODs do not mean the anions were completely
absent from that particular site. It only indicates the level of analyte cannot be
detected within an acceptable confidence limit. Greater uncertainty is
associated with the integration of peaks with lower intensities, so it may be
necessary to redraw or reselect the base line of anion peaks for more accurate
analyte peak areas (μS*Min).
LFM Calculations
Quality Control Sample (QCS) –Determine the concentration of the QCS. The
determined concentrations should be within ±15% of the stated values
for performance to be acceptable. If the performance is determined to
be unacceptable, the problem must be identified and corrected before
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proceeding with further analysis of samples and it must be reported in
the results.
12.

REFERENCES

EPA Method 300.1, Determination of inorganic anions in drinking water by ion
chromatography, Revision 1.0.
Dionex IC1500 and AS40 operation manuals.
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Appendix
Autosampler Run Mode

Sample Cassette
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A. SCOPE AND APPLICATION
This method applies to enumerating 3M™ Petrifilm™ E. coli/Coliform Count (EC)
Plates.
B. SUMMARY OF METHOD
Aqueous samples collected from Glen Helen Nature Preserve can be analyzed for E.
coli
using 3M Petrifilm plates. E. coli and other types of coliforms are common bacteria in
animal and human GI tracts and are thus found in solid waste. For this reason, these
types of bacteria are indicators of fecal pollution in water. Petrifilm contains a
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dehydrated agar rich in nutrients for supporting coliform growth. The agar also
contains a chemical dye that reacts with an enzyme produced by E. coli to enable
identification over other coliforms by turning blue. The clear plastic film on each
Petrifilm traps gas produced by coliform colonies and forms gas bubbles. The
Petrifilm
will not identify separate strains of coliform bacteria or E. coli. Results are reported
in
Colony Forming Units (CFU) per 100 mL.
C. HEALTH AND SAFETY
Proper lab technique should be observed. Gloves should be warn to avoid
contaminating the sample and coming into contact with potentially harmful bacteria
or
viruses.
D. APPARATUS AND MATERIALS
3M™ Petrifilm™ E. coli/Coliform Count (EC) Plates, two for each sample for
duplicates
Auto pipette with plastic tips
Nitrile Gloves
Flashlight
Incubator
E. HANDLING and STORAGE
Aseptic technique should always be used in order to eliminate possibilities of
contamination. Ensure that it is not expired according to the date stamped on each
package. Unopened packages should be kept in a refrigerator at ≤8⁰ C. Opened
packages should be resealed by folding the end over and taped shut. Opened
packages
should be kept at room temperature with < 50% relative humidity. Do not
refrigerate
opened packages.
F. PROCEDURE
1. Refer to Figure 1 below.
2. Ensure the 3M Petrifilm E. coli/Coliform Count (EC) Plates at room temperature
prior to adding sample.
3. Using gloves, remove 1 film per sample from the foil package and place on a
clean lab bench. Be careful not to lift the top clear film until it is ready to be
inoculated. This could allow the Petrifilm to be contaminated from bacteria in
the air.
4. Label each film with the correct sample ID and replicate (R1 or R2) in permanent
marker on the top right.
5. Write the time of inoculation on the top left.
6. Draw up 1 mL of the sample using the auto pipette and hold vertically.
7. Carefully peal back the clear top film and dispense the sample directly in the
middle of the circle. Ensure that the pipette is held vertical and perpendicular to
the lab bench.
8. Once the entire sample has been dispensed on the agar, carefully roll down the
top film avoiding the formation of bubbles.
9. Repeat steps 5-7 for each duplicate sample.
10. Allow the agar to hydrate for 1 minute. The sample should have dispersed
throughout the circle. If not, a new Petrifilm should be inoculated using the
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provided spreader. You SHOULD NOT need to use the spreader. The agar
should hydrate properly on its own if on a level surface.
11. Place in incubator at 35⁰ C for 48 hours clear side up. Petrifilm can be stacked no
more than 20 high.
Figure 1

3M™ Petrifilm™ E. coli/Coliform Count Plate Interpretation Guide
G. Interpretation and Analysis
E. coli will appear as dark blue colonies with gas bubbles, while coliforms will
appear a
shade of red darker than the agar, also with corresponding gas bubbles. Enumerate
only the blue colonies. It is common to observe colonies that may appear as
coliforms,
but did not produce an associated gas bubble. Additionally, there may be many
small
bubbles throughout the film even when it was properly inoculated. The Petrifilm
will
require carful judgment when counting colonies to ensure that it is indeed a
coliform.
Refer to Figure 2 below for assistance.
1. Remove Petrifilm from the incubator after proper incubation period.
2. Hold a flashlight or cell phone light behind the Petrifilm and observe the colonies
present.
3. Using a black permanent marker, place a dot next to and count each E. coli
colony observed.
4. Record results in the Petrifilm E. coli/Coliform Count Plate Data Form provided
in Appendix A of this SOP.
5. Calculate the E. coli/Total Coliform per 100 mL by multiplying the results by 100.
6. Report results as E. coli/Total Coliform per 100 mL.
Figure 2
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3M™ Petrifilm™ E. coli/Coliform Count Plate Interpretation Guide
Figure 3
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Fig 1B - Example of incubated Petrifilm plate
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1. Scope and Application
The YSI Pro Plus meter is a remote sampling meter used to acquire watermonitoring
data instantly at a remote sampling site. Coupled with a Quatro cable the YSI
meter can
measure four parameters simultaneously. This method explains how to properly
calibrate the
four external sensors used in the sampling of the Glen Helen Nature Preserve:
pH, DO,
conductivity and ammonium. Each sensor must be correctly calibrated before
being
employed during field sampling.
This method also explains the correct sampling technique and the proper logging
of field
data both with the YSI multimeter and student notebooks.
2. Summary of Method
This method explains calibration of the YSI multimeter and sampling protocols.
3. Health and Safety
All six standards used have NFPA Codes of zero for health, reactivity, and
flammability.
Some of the pH standards may cause irritation to the eyes and skin. It is best to
wear
appropriate personal protective equipment (PPE) at all times while in the lab to
avoid contact
with the eyes and to avoid prolonged exposure to the skin. This includes lab coat,
nitrile
gloves, and safety glasses at a minimum in addition to long pants and closed toe
shoes.
4. Equipment and Supplies
4.1. YSI Multimeter:
4.1.1. YSI Pro Plus Meter
4.1.2. YSI Quatro Cable
4.1.3. Four Sensor Probes (pH, DO, Conductivity, Ammonium)
4.2. YSI Storage Container (screw-on plastic cylinder)
4.3. YSI Field Cover (metal cover)
4.4. YSI Transport Container (grey rubber sleeve)
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4.5. Craftsmen Carrying Case
4.6. Log Book
4.7. Student Notebooks
5. Reagents and Standards
5.1. Deionized Water (DI)
5.2. Conductivity:
5.2.1. YSI 3161 Conductivity Calibrator Solution (1000 μS/cm ± 0.50% at 25°C)
5.3. Confidence Solution
5.3.1. YSI 5580 Confidence Solution
5.4. pH:
5.4.1. YSI 3821 Buffer Solution pH 4.00±0.01 at 25°C
5.4.2. YSI 3822 Buffer Solution pH 7.00±0.01 at 25°C
5.4.3. YSI 3823 Buffer Solution pH 10.00±0.01 at 25°C
5.5. Ammonium:
5.5.1. YSI 3841 1mg/L NH4+ -N Standard
5.5.2. YSI 3843 100mg/L NH4+-N Standard
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6. Calibration Procedure
6.1. Dissolved Oxygen:
6.1.1. Insert the Quarto probe into a saturated storage container (make sure
sponge is
moist)
6.1.2. Push <Cal> to calibrate, select <DO>
6.1.3. Press <DO%>
6.1.4. Once % DO and temperature stabilize to slightly <100% press enter to “
accept
calibration”.
6.1.5. Click <Cal> to finish.
Note: This is more of a check than an actual calibration.
6.2. Conductivity
6.2.1. Fill one beaker with high quality to use for washing.
6.2.2. Fill another beaker with enough conductivity solution (5.1.1) to be able to
completely cover the conductivity probe (the conductivity probe is the black one
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with the metal prong extending out of the tip)
6.2.3. Remove the Quatro from the storage container and rinse with high quality
water
then gently shake dry.
6.2.4. Submerge completely in the conductivity stock standard for conductivity.
6.2.5. Press <CAL> for calibration, select “Conductivity”
6.2.6. Press the <Enter> button
6.2.7. Select specific conductance (“Sp. Conductance”) and press <Enter>.
6.2.8. Select “SPC-μs/cm” for the units.
6.2.9. Click <Enter> for calibration menu.
6.2.10. Once the meter readout stabilizes, press <Enter> to ”Accept Calibration”
6.2.11. Click <Enter>. Select User Field 1: Glen Helen.
6.2.12. After the probe calibrates rinse with DI water and store the probe in the
clear
plastic cylinder tube.
6.3. Confidence Solution
6.3.1. Submerge Quarto probe into confidence solution.
6.3.2. Press <CAL> for calibration, select “Conductivity”
6.3.3. Press the <Enter> button
6.3.4. Select specific conductance (“SP. Conductance”) and press <Enter>.
6.3.5. Select “SPC-μs/cm” for the units.
6.3.6. Click <Enter> for calibration menu.
6.3.7. Once the meter readout stabilizes, press <Enter> to ”Accept Calibration”
6.3.8. Press <Cal> to finish and after the probe calibrates, rinse with water.
6.3.9. Store the probe in the clear plastic cylinder tube.
6.4. pH
6.4.1. The standards for pH (5.3) can be diluted 50:50 with high quality water.
This is
because they are buffer solutions which means they are resistant to pH change.
6.4.2. Make about 100 mL each in labeled and DI cleaned beakers.
6.4.3. Put high quality water in another beaker to use for washing.
6.4.4. Remove probe from container and rinse with high quality water and gently
shake
dry.
6.4.5. The pH probe is the gray one with the rounded glass electrode on the tip.
Submerge it completely in the first pH stock solution (pH 4).
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6.4.6. Press <CAL> for calibration, select “ISE2 pH” and press the <Enter>
button.
6.4.7. Click <Enter> to show the calibration menu.
6.4.8. Once the meter readout stabilizes, press enter to “Accept calibration”, click
<Enter>.
6.4.9. The meter will then say “ready for point 2”.
6.4.10. Rinse the probe and place into the next buffer (pH 7) and repeat the same
procedure.
6.4.11. After stabilizing and pressing <Enter> the probe will ask for point 3.
6.4.12. Rinse and place the probe in the last buffer (pH 10). Again let the readout
stabilize and press <Enter> to “accept calibration”.
6.4.13. The probe will then ask for a fourth point, ignore this as only three are
necessary.
6.4.14. Press <Cal> to finish and after the probe calibrates, rinse with water.
6.4.15. Store the probe in the clear plastic cylinder tube.
6.5. Ammonium
6.5.1. Pour about 50-100 mL of both ammonium standards (5.4) into two
separated
cleaned and labeled beakers.
6.5.2. Put high quality water in another beaker to use for washing.
6.5.3. Remove probe from container and rinse with high quality water and gently
shake
dry.
6.5.4. The ammonium probe is the gray one with the flat buttom. Submerge it
completely in the first NH4
+ solution (1 mg L-1)
6.5.5. Press <CAL> for calibration, select “ISE2 NH4” and press the <Enter>
button.
6.5.6. Click <Enter> to show the calibration menu.
6.5.7. Once the meter readout stabilizes, press enter to “Accept calibration”, click
<Enter>.
6.5.8. The meter will then say “ready for point 2”.
6.5.9. Rinse the probe and place into the next ammonium solution (100 mg L-1)
and
repeat the same procedure.
6.5.10. After stabilizing and pressing <Enter> the probe will ask for point 3,
ignore this
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as there are only two.
6.5.11. Press <Cal> to finish and after the probe calibrates, rinse with water.
6.5.12. Store the probe in the clear plastic cylinder tube.
6.6. After the multimeter is calibrated fill out the Log Book with todayʼs date and
sign it.
7. Preparing Probe for Field Sampling
7.1. Once probe is calibrated then it is ready to take out into the field.
7.2. Remove from storage container and switch to metal sampling cage.
7.3. Put about 5 mL of DI water into the protective rubber sleeve
7.4. Slide the sleeve over the probe.
7.5. The probe will remain in the rubber sleeve just prior to sampling
8. Sample Collection and Logging Field Samples
8.1. Remove the rubber sleeve.
8.2. Gently submerge perpendicular to water flow (one person holds probe, one
holds meter,
all others write down the measurements as they are read aloud in their
notebook/spreadsheet). Probe should now be submerged into water.
8.3. Have the person holding the meter read aloud the values from YSI read out.
8.4. Another person in the group will record the readings on the data sheet.
9. Reference
YSI Professional Plus. User Manual. 2009
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APPENDIX C – Additional figures and plots
The following figure 1C is a map showing the aerial view of Bath township

Fig. 1C: Aerial view of Bath Township. Credit: Fairborn city engineers
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Temperature Chart
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